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ABSTRACT
IMGT/V-QUEST is the highly customized and inte-
grated system for the standardized analysis of the
immunoglobulin (IG) and T cell receptor (TR) rear-
ranged nucleotide sequences. IMGT/V-QUEST iden-
tifies the variable (V), diversity (D) and joining (J)
genes and alleles by alignment with the germline IG
and TR gene and allele sequences of the IMGT
reference directory. New functionalities were added
through a complete rewrite in Java. IMGT/V-QUEST
analyses batches of sequences (up to 50) in a single
run. IMGT/V-QUEST describes the V-REGION muta-
tions and identifies the hot spot positions in the
closest germline V gene. IMGT/V-QUEST can detect
insertions and deletions in the submitted sequences
by reference to the IMGT unique numbering. IMGT/
V-QUEST integrates IMGT/JunctionAnalysis for a
detailed analysis of the V-J and V-D-J junctions, and
IMGT/Automat for a full V-J- and V-D-J-REGION
annotation. IMGT/V-QUEST displays, in ‘Detailed
view’, the results and alignments for each submitted
sequence individually and, in ‘Synthesis view’, the
alignments of the sequences that, in a given run,
express the same V gene and allele. The ‘Advanced
parameters’ allow to modify default parameters
used by IMGT/V-QUEST and IMGT/Junction
Analysis according to the users’ interest. IMGT/
V-QUEST is freely available for academic research
at http://imgt.cines.fr
INTRODUCTION
IMGT, the international ImMunoGeneTics information
system (http://imgt.cines.fr) (1), is the international
reference in immunogenetics and immunoinformatics.
Created in 1989at the Laboratoire d’ImmunoGe ´ ne ´ tique
Mole ´ culaire (LIGM) (Universite ´ Montpellier 2 and
CNRS), IMGT provides a high quality integrated
knowledge resource, specialized in the immunoglobulins
(IG) or antibodies, T cell receptors (TR), major histo-
compatibility complex (MHC) of human and other
vertebrates and related proteins of the immune system
(RPI), which belong to the immunoglobulin superfamily
(IgSF) and to the MHC superfamily (MhcSF). IMGT
includes databases, web resources and interactive tools.
The accuracy and the consistency of the IMGT data are
based on IMGT-ONTOLOGY, the ﬁrst ontology for
immunogenetics and immunoinformatics (2,3). IMGT/V-
QUEST, for ‘V-QUEry and STandardization’, is the ﬁrst
integrated IMGT tool which has been online since 1997
(4). IMGT/V-QUEST analyses the IG and TR rearranged
nucleotide sequences that result from the very complex
mechanisms at the origin of antigen receptor diversity
(10
12 antibodies and 10
12 TR per individual) and which
include the rearrangements of the variable (V), diversity
(D) and joining (J) genes, the N-diversity mechanism and,
for IG, the somatic mutations [for review see (5,6)].
IMGT/V-QUEST identiﬁes the V, D and J genes and
alleles in rearranged V-J and V-D-J sequences by
alignment with the germline IG and TR gene and allele
sequences of the IMGT reference directory. It delimits the
framework regions (FR-IMGT) and complementarity
determining regions (CDR-IMGT) and provides a
detailed and accurate characterization of the submitted
sequences according to the IMGT Scientiﬁc chart rules,
based on the IMGT-ONTOLOGY axioms and concepts
of description, classiﬁcation and numerotation (2,3). New
functionalities were added to IMGT/V-QUEST through a
complete rewrite in Java. Thus, IMGT/V-QUEST ana-
lyses batches of sequences (up to 50) in a single run. The
analysis has been upgraded with the description of
V-REGION mutations, with the identiﬁcation of the hot
spots positions in the closest germline V gene, and with the
detection and accurate description of insertions and
deletions in the submitted sequences by reference to the
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grates IMGT/JunctionAnalysis (8) for a detailed analysis
of the V-J and V-D-J junctions, and IMGT/Automat (9)
for a full annotation of the V-J- and V-D-J-REGION. The
interface has been customized to ﬁt the users’ needs: in
addition to the standard ‘Detailed view’ which displays the
results and alignments for each submitted sequence
individually, a new results display ‘Synthesis view’ has
been implemented to provide, for a given run, the align-
ments of the sequences that express the same V gene
and allele and, per locus, the results of IMGT/
JunctionAnalysis. The ‘Advanced parameters’ allow to
modify default parameters used by IMGT/V-QUEST and
IMGT/JunctionAnalysis algorithms, according to the
users’ interest. IMGT/V-QUEST is currently available
for human and mouse rearranged sequences, and partly
for 31 other species (nonhuman primates, rat, sheep,
teleostei and chondrichthyes). IMGT/V-QUEST is freely
available for academic research from the IMGT Home
page (http://imgt.cines.fr).
ALGORITHM AND IMPLEMENTATION
IMGT/V-QUEST was totally rewritten in Java language
in order to fully unify the implementation of the diﬀerent
components. The identiﬁcation of the closest V, D and J
genes and alleles of a given receptor type (IG or TR) and
of a given species is based on the same principles as
previously described (4). IMGT/V-QUEST algorithm was
developed using pairwise alignment and sequence com-
parison of experimental data, expertly annotated and
standardized by IMGT (10). Brieﬂy, the identiﬁcation of
the closest V, D and J genes and alleles is based on global
pairwise alignment (two for the V), without insertions nor
deletions, of the user sequence with diﬀerent subsets of the
IMGT reference directory, followed by a similarity
evaluation. This last step is preceded, for the V region,
by the insertion of gaps according to the IMGT unique
numbering (7).
The complete rewrite in Java has optimized the
processing time and allowed the development and
integration of new functionalities which improve the
analysis accuracy with score, evaluation, warnings, etc.
IMGT/V-QUEST can analyze batches of sequences
(up to 50) in a single run. A new option allows to search
for potential insertions and deletions in the user sequence.
This search follows the identiﬁcation of the closest V gene
and allele. The program proceeds in two alignment steps
[Smith and Waterman algorithm (11)] between the user
sequence and the closest V genes and alleles, ﬁrst looking
for insertions, then for deletions. If insertions are detected,
they are excluded from the user sequence as they disrupt
the IMGT numbering but their positions are memorized
so they can be displayed in the results page. If deletions
are detected, gaps are entered in the user sequence to
restore the IMGT numbering. After insertion and/or
deletion detection, the steps of V gene and allele
identiﬁcation are performed again. IMGT/V-QUEST
provides an accurate localization and description of the
mutations in the user sequence by comparison with the
closest germline V gene and allele. Nucleotide (nt)
mutations are characterized as silent versus nonsilent,
and transition versus transversion. Amino acid (AA)
changes are qualiﬁed according to the IMGT AA classes
(12) based on hydropathy, volume and physicochemical
characteristics. The tool identiﬁes the mutation hot spots
patterns and positions in the closest germline V-REGION.
IMGT/V-QUEST integrates IMGT/JunctionAnalysis (8)
for the detailed analysis of the junction (performed even if
cystein 104 and/or phenylalanine/tryptophan 118 are
mutated) (7) and for the optional display of the eligible
D genes and alleles, and IMGT/Automat (9) for the full
annotation of the V-J-REGION or V-D-J-REGION in an
IMGT/LIGM-DB-like format (13).
Regarding the input sequences, IMGT/V-QUEST
accepts nucleotide sequences in the International Union
of Biochemistry (IUB) code (14) and is able to deal with
complementary reverse sequences. The tool trims the ‘n’
nucleotides at the 50 and 30 extremities of user sequences
since they inﬂuence the alignments and the gene and allele
identiﬁcation.
IMGT/V-QUEST SEARCH
An IMGT/V-QUEST search consists of two easy steps:
(i) the user selects the antigen receptor (IG or TR) and the
species on the IMGT/V-QUEST Home page and (ii) on
the next page, the user submits up to 50nt sequences in
FASTA format. By clicking on ‘Start’, the analysis is done
automatically with the default parameters.
Prior to launching the search, users may customize the
results display options in ‘Selection for results display’
(Figure 1). They can export the results in text and choose
the ‘Nb of nucleotides per line in alignments’. They can
select the option ‘A. Detailed view’ for the display of
the results of each analyzed sequence individually (with
a choice of 14 diﬀerent results displays), or the option
‘B. Synthesis view’ for the display of the alignments of
sequences that express the same V gene and allele (with a
choice of eight diﬀerent results displays).
For sophisticated queries or for unusual sequences, the
users can modify the default values in ‘Advanced
parameters’. The customizable values are:
(i) ‘Selection of IMGT reference directory set’ used for
the V, D and J genes and alleles identiﬁcation and
alignments (‘F+ORF’, ‘F+ORF+in-frame P’,
‘F+ORF including orphons’ and ‘F+ORF +
in-frame P including orphons’, where F is func-
tional, ORF is open reading frame and P is
pseudogene). This allows the user to work with
only relevant gene sequences (e.g. orphon sequences
are relevant for genomic but not for expressed rep-
ertoire studies). The selected set can also be chosen
either ‘With all alleles’ or ‘With allele
 01 only’.
(ii) ‘Search for insertions and deletions’. In that case,
the number of submitted sequences in a single run is
limited to 10.
(iii) ‘Parameters for IMGT/JunctionAnalysis’: Nb of
D-GENEs allowed in the IGH, TRB and TRD
junctions and Nb of accepted mutations in
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(default values are indicated per locus in the
IMGT/V-QUEST Documentation).
(iv) ‘Parameters for Detailed View’: ‘Nb of nucleotides
to exclude in 50 of the V-REGION for the evalua-
tion of the nb of mutations’ (to avoid, for example,
to count primer speciﬁc nucleotides) and/or
‘Nb of nucleotides to add (or exclude) in 30 of the
V-REGION for the evaluation of the alignment
score’ (e.g. in case of low or high exonuclease
activity).
IMGT/V-QUEST OUTPUT
Detailed view
The top of the ‘Detailed view’ results page indicates the
number of analyzed sequences with links to individual
results. Each individual result comprises the user sequence
displayed in FASTA format (a sequence submitted in
antisense orientation is shown as complementary reverse
sequence that is in V gene sense orientation), a ‘Result
summary’ table (Figure 2A) followed, if all parameters
were selected, by the 14 diﬀerent results displays. The
‘Result summary’ provides a crucial feature that is the
evaluation of the user sequence functionality performed
by IMGT/V-QUEST: productive (if no stop codon and
in-frame junction) or unproductive (if stop codons and/or
out-of-frame junction). It also summarizes the main
characteristics of the analyzed sequence which include
the names of the closest ‘V-GENE and allele’ and
‘J-GENE and allele’ with the alignment score and the
percentage of identity, the name of the closest ‘D-GENE
and allele’ with the D-REGION reading frame, the three
CDR-IMGT lengths (shown within brackets, e.g. [8.8.13])
which characterize a V domain and the AA JUNCTION
sequence. IMGT/V-QUEST provides warnings that
appear, as notes in red to alert the users, if potential
insertions or deletions are suspected in the V (sequences
with <85% of identity and/or with diﬀerent CDR1-IMGT
and/or CDR2-IMGT lengths compared with the closest
germline V-REGION), or if other possibilities for the
J gene and allele are identiﬁed. If the option ‘Search for
insertions and deletions’ was selected, the detection and
detailed description of insertions and/or deletions are
shown in the ‘Result summary’ ﬁrst row to capture the
user attention. Moreover, insertions appear as capital
letters in the FASTA sequence.
Below the ‘Result summary’, the alignments for the V-,
D- and J-GENE (4,15,16) comprise the alignment score
and the identity percentage with the ﬁve closest genes and
alleles and, for the V, the length of the V-REGION taken
into account for the score evaluation. The ‘Results of
IMGT/JunctionAnalysis’ (8,15) include, if selected, the list
of eligible D genes and alleles which match >4nt with the
junction, allowing users to visualize the result among
other close solutions. ‘Sequence of the JUNCTION (‘nt’
and ‘AA’)’ is given by IMGT/V-QUEST if no results are
obtained with IMGT/JunctionAnalysis. Diﬀerent displays
of the V region (‘V-REGION alignment’, ‘V-REGION
translation’ and ‘V-REGION protein display’) and of the
mutations aﬀecting the V region are all based on the
Figure 1. The customizable parameters for an IMGT/V-QUEST search. ‘Selection for results display’ allows the users to select the types of results to
be displayed (14 for ‘Detailed view’, and 8 for ‘Synthesis view’). The ‘Advanced parameters’ allow the users to modify the default values.
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CDR-IMGT delimitation. The extensive and standardized
characterization of the mutations performed by IMGT/V-
QUEST answers the requirements of IG sequence studies,
evolution and function analysis, clinical interpretations
and antibody engineering. The ‘V-REGION mutation
table’ lists the mutations (nt and AA) of the analyzed
sequence compared to the closest V-REGION allele. They
are described for the V-REGION and for each FR-IMGT
and CDR-IMGT, with their positions, and for the AA
changes according to the IMGT AA classes (12). For
example, c16>g, Q6>E( + +  ) means that the nt
mutation (c>g) leads to an AA change at codon 6 with
the same hydropathy (+) and volume (+) but with
diﬀerent physicochemical properties ( ) classes (12). It is
the ﬁrst time that such qualiﬁcation of amino acid
replacement is provided. The ‘V-REGION mutation
statistics’ evaluates the number of silent and nonsilent
mutations and the number of transitions and transver-
sions of the analyzed nucleotide sequence, and the
number of AA changes of its translated sequence. The
‘V-REGION mutation hot spots’ show the patterns
and localization of hot spots in the closest germline
V-REGION. The identiﬁed hot spots patterns are (a/t)a
and (a/g)g(c/t)(a/t) and the complementary reverse motifs
are t(a/t) and (a/t)(a/g)c(c/t) (see Lefranc,M-P. and
Lefranc,G. Somatic hypermutations, in IMGT Education,
http://imgt.cines.fr).
‘IMGT Collier de Perles’ provides a link to the IMGT/
Collier-de-Perles tool (17) or directly includes this
standardized graphical representation of the user IG or
TR rearranged sequence. The ‘Sequences of V-, V-J- or
V-D-J-REGION (‘nt’ and ‘AA’) with gaps in FASTA
and access to IMGT/PhyloGene for V-REGION (‘nt’)’
provides the analyzed sequence with IMGT gaps, in
FASTA format and on one line, and a link to IMGT/
PhyloGene (18). The ‘Annotation by IMGT/Automat’ (9)
uses the results of the analysis to provide a full automatic
annotation of the user sequences for the V-J-REGION or
V-D-J-REGION.
Synthesis view
The aim of ‘Synthesis view’, a novel IMGT/V-QUEST
result, is to facilitate the comparison of sequences that
express the same V gene and allele: it allows to compare
the localization of the mutations and the composition of
their junctions. The ‘Synthesis view’ comprises a
‘Summary table’ (Figure 2B) and eight diﬀerent displays
(if all were selected). The ‘Summary table’ shows, for each
sequence, the name of the closest V gene and allele, the
evaluation of the sequence functionality, the V score and
Figure 2. IMGT/V-QUEST output. (A) ‘Result summary’ of ‘Detailed view’. The note (a) represents a warning indicating that there is another
possibility for the choice of the J-GENE, the criterion for that choice being between parentheses. In the case of an unproductive sequence due to an
out-of-frame junction, the CDR3-IMGT length cannot be determined and is indicated by an ‘X’. The symbol ‘#’ indicates a frameshift.
(B) ‘Summary table’ of ‘Synthesis view’. The note (a) represents a warning indicating that there are other possibilities for the results.
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genes and alleles, the D-REGION reading frame, the three
CDR-IMGT lengths, the AA JUNCTION and the
JUNCTION frame. Warnings appear to alert users on
potential insertions or deletions in the V or on other pos-
sibilities for the J gene and allele. In such cases, it is
strongly recommended to check the individual results of
these sequences in ‘Detailed view’.
The originality of ‘Synthesis view’ is also to provide
alignments of sequences which, in a given run, are
assigned to the same V gene and allele. The ‘Alignment
for V-GENE’, ‘V-REGION alignment’ and ‘V-REGION
translation’ are based on the same characteristics as those
of ‘Detailed view’. In addition, the hot spots positions are
underlined in the germline V-REGION (for an easy
comparison with the mutation localizations) and the name
of the closest J gene allele is indicated at the 30 end of each
sequence. The ‘V-REGION protein display’ shows amino
acid sequences aligned with the closest V-REGION allele.
This protein display is also provided with AA colors
according to the IMGT AA classes (12) or with only the
AA changes displayed. The ‘V-REGION most frequently
occurring AA per position and per FR-IMGT and CDR-
IMGT’ table is given for each alignment to highlight the
position of conserved AA in sequence batches. The
‘Results of IMGT/JunctionAnalysis’ are displayed per
locus (IGH, IGK and IGL for the IG heavy, kappa and
lambda sequences, TRA, TRB, TRG and TRD for the TR
alpha, beta, gamma and delta sequences) (Figure 3).
CONCLUSION
IMGT/V-QUEST is a highly customized and integrated
system for the IG and TR standardized V-J and V-D-J
sequence analysis. The addition of new features (AA
physicochemical characteristics, mutations and insertions/
deletions description, ‘Synthesis view’) and ‘Advanced
parameters’ provides a wide spectrum of new types of
analysis across species. The integration of tools has
allowed to answer speciﬁc needs: IMGT/JunctionAnalysis
for the accurate and extensive description of the V-J and
V-D-J junction, IMGT/Automat for the full and detailed
user sequence annotation and IMGT/Collier-de-Perles for
bridging the gap between sequences and 3D structures. By
its wide range of novel customizable and integrated
functionalities and by its high level of standardization,
IMGT/V-QUEST is unique among the other software
programs (19–22). The information provided by IMGT/
V-QUEST is of much value for the comparative analysis
of the IG and TR sequences (including those of the newly
sequenced vertebrate genomes), for statistical analysis of
the junctions (23) and of the repertoires, for antibody
engineering and therapeutical antibodies (24) (single chain
Fragment variable (scFv), phage displays, combinatorial
libraries, chimeric, humanized and human antibodies).
IMGT/V-QUEST, with an average of 30 000 requests per
month, is widely used by the clinicians to analyze the
expressed repertoire in normal and pathological immune
responses (autoimmune diseases, leukemias, lymphomas,
myelomas, infectious diseases, etc.), in diagnostics of
clonalities, detection and follow-up of minimal residual
diseases.
Given the necessity to have an international and
publicly available benchmarch of high quality for clinical
data comparison, IMGT standards based on IMGT-
ONTOLOGY have recently been approved by the World
Health Organization–International Union of Immunolog-
ical Societies (WHO–IUIS) subcommittee for IG and TR
(25,26). Standardized criteria for the analysis of IG and
TR rearranged V-J and V-D-J sequences and 3D
structures include IMGT reference directory (available
free for academics on the Web site), IMGT gene
nomenclature (5,6,10) approved by the HUGO Nomen-
clature Committee, IMGT label description, IMGT
unique numbering for V-DOMAIN (7) and CDR-IMGT
delimitations. IMGT/V-QUEST has been recommended
by the European Research Initiative on chronic lympho-
cytic leukemia CLL (ERIC) for the analysis of the IGHV
gene mutational status in CLL (27). IMGT/V-QUEST
output results evaluation by biologists and feedback from
Figure 3. IMGT/JunctionAnalysis translation of ‘Synthesis view’. Results are given per locus, here ﬁve IGH sequences are shown. Amino acids of the
JUNCTIONs are colored according to the 11 IMGT AA physicochemical classes (12). Underlined nt and AA are mutated compared with the closest
germline 30V-REGION, D-REGION and 50J-REGION of each JUNCTION.
Nucleic Acids Research, 2008, Vol. 36,WebServer issue W507researchers and clinicians are part of the new develop-
ments to answer biological and medical needs in an
international collaboration (28–30).
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